Abstract The objectives of this study were to determine the clinical response to Enterra gastric electric stimulation (GES) in patients with refractory gastroparesis and to determine factors associated with a favorable response. Methods This study was conducted in patients undergoing Enterra GES for refractory gastroparesis. Symptoms were scored before and after GES implantation using the Gastroparesis Cardinal Symptom Index (GCSI) with additional questions about abdominal pain and global clinical response. Results During an 18-month period, 29 patients underwent GES implantation. Follow-up data were available for 28 patients, with average follow-up of 148 days. At follow-up, 14 of 28 patients felt improved, 8 remained the same, and 6 worsened. The overall GCSI significantly decreased with improvement in the nausea/vomiting subscore and the post-prandial subscore, but no improvement in the bloating subscore or abdominal pain. The decrease in GCSI was greater for diabetic patients than idiopathic patients. Patients with main symptom of nausea/vomiting had a greater improvement than patients with the main symptom of abdominal pain. Patients taking narcotic analgesics at the time of implant had a poorer response compared to patients who were not. Conclusions GES resulted in clinical improvement in 50% of patients with refractory gastroparesis. Three clinical parameters were associated with a favorable clinical response: (1) diabetic rather than idiopathic gastroparesis, (2) nausea/vomiting rather than abdominal pain as the primary symptom, and (3) independence from narcotic analgesics prior to stimulator implantation. Knowledge of these three factors may allow improved patient selection for GES.
Introduction
Many patients with gastroparesis have refractory symptoms of nausea, vomiting, and/or abdominal pain despite conventional treatment with prokinetic agents and antiemetic agents. Gastric electric stimulation (GES) has been investigated as a treatment for patients with medically refractory gastroparesis [1] [2] [3] .
Enterra GES (Medtronic, Inc.) uses an implantable, programmable neurostimulator with placement of stimulation wires into the stomach to deliver high frequency, low energy stimulation. Two multicenter studies have investigated the clinical effectiveness of this therapy [2, 3] . One of these, a prospective, double-blind, on-off stimulation study, suggested that patients with diabetic gastroparesis might respond more favorably than patients with idiopathic gastroparesis [3] . Symptoms of nausea and vomiting appeared to improve more than other symptoms. The Enterra system received a Humanitarian Device Exemption (HDE) and is used for treatment of refractory gastroparesis in certain centers. Since the HDE approval, some centers have reported favorable results [4, 5] , whereas other centers have reported less favorable results [6] . Despite the available literature, clinical factors that predict a favorable response to this treatment have not been adequately addressed.
Temple University Hospital has been using GES in patients with refractory gastroparesis. A validated symptom questionnaire, the Gastroparesis Cardinal Symptom Index (GCSI), has been developed to follow the symptoms of patients with gastroparesis [7, 8] . The aims of this study were to determine the clinical response to GES in patients with refractory gastroparesis using the GCSI questionnaire and to identify factors that may be associated with a favorable response.
Methods
This clinical protocol was conducted prospectively at Temple University Hospital in patients undergoing Enterra GES (Medtronic, Inc.) for refractory gastroparesis under the FDA's Humanitarian Device Exemption program, which has been approved at our institution by our Institutional Review Board.
Subjects
The study included 29 consecutive patients with refractory gastroparesis who were implanted at our institution under the HDE program over an 18-month period from 3/2004 to 9/2005. All patients had documented delayed gastric emptying and had continued symptoms despite conventional therapy with prokinetic agents and antiemetic agents.
Enterra placement
The Enterra gastric electric stimulator was placed surgically under general sedation, primarily via laparotomy by one of two surgeons (JM and SH). The Enterra GES system consists of a pair of electrodes connected to a pulse generator. The two stimulation leads were inserted into the gastric muscularis propria 1 cm apart along the greater curvature 9.5 and 10.5 cm proximal to the pylorus. An upper endoscopy was performed to ensure that there was no penetration of the wires through the mucosa into the stomach lumen. The impedance (resistance) between the wires was measured to ensure it was in the appropriate range (400-800 ohms). A horizontal incision through the skin in the right lower quadrant was performed, and the distal ends of the stimulating wires were tunneled through the abdominal wall, connected to the neurostimulator with reanalysis of the impedance. The neurostimulator with the distal ends of the stimulating wires was then placed into the RLQ subcutaneous pocket. Both the RLQ incision and the laparotomy incisions were closed, followed by repeat interrogation of the stimulator to determine the impedance of the stimulating system. Patients were hospitalized with a median recovery time of approximately 3 days, for advancing the diet and decreasing analgesic pain medications. The day after surgery, the stimulator was turned on. The pulse generator delivers low energy, 0.1-s trains of pulses at a frequency of 12 cycles per minute. Within each pulse train, individual pulses oscillate at a frequency of 14 cycles per second.
After hospital discharge, patients were seen 2 weeks later for assessment of the incisions. Then patients were followed at 6 weeks, 3 months, 6 months, 9 months and 12 months after stimulator placement. Patients also continued with their usual medical care including visits with their internist and/or endocrinologist who managed the patient's other medical problems including diabetes.
Questionnaires
Study subjects completed questionnaires to acquire data prior to Enterra implantation (at baseline) and at subsequent visits (including follow-up periods at 1.5, 3, 6, 9 and 12 months). Baseline was defined as the 2-week period before the surgical implantation of the device. The questionnaires included the Gastroparesis Cardinal Symptom Index (GCSI) scores as well as additional questions concerning abdominal pain. The GCSI evaluates nine symptoms using a Likert scale from 0 (none) to 5 (very severe) [7, 8] . The symptoms include nausea, retching, vomiting, stomach fullness, inability to finish a normalsized meal, feeling excessively full after meals, loss of appetite, bloating and stomach visibly larger. The symptoms are divided into three subscores (nausea/vomiting, post-prandial fullness and bloating). These subscores are then averaged to compile the total GCSI score, which is between 0 and 5. Questions were also asked about the presence of upper abdominal pain and discomfort with similar scoring to the GCSI symptoms.
For assessment of global clinical response, the following question was utilized: ''In thinking about the last 2 weeks, how would you say your stomach/gastroparesis-related problems/symptoms have been compared to the period before you started Enterra gastric electric stimulation?'' The possible responses included ''improved,'' ''remained the same,'' and ''worsened.'' Additional questions including nutritional status and use of antiemetic and prokinetic agents, and narcotics were also evaluated. For the purposes of this study, use of narcotic analgesic medications were defined as the daily use of regular narcotic analgesic medications. Adverse events were assessed and recorded throughout the study.
Data analysis
The data were entered into a Microsoft Access database and analyzed using SPSS statistical software. Patients were stratified according to global improvement, and all other variables were assigned to each of three groups (improved, remained the same, worsened). Analyses were performed using paired Student's t-test, ANOVA, and the Wilcoxon signed rank test where appropriate.
Results

Baseline demographics
Twenty-nine patients with refractory gastroparesis were implanted at our institution over an 18-month period under the HDE guidelines for Enterra GES, that is, refractory symptoms of nausea and vomiting from diabetic or idiopathic gastroparesis. The patients consisted of 25 females and 4 males with a mean age of 40.4 years (range 19-66). Follow-up data were available for 28 of the 29 patients (one patient was lost to follow-up). Table 1 shows the baseline demographic information of the 28 patients with follow-up information. Of the 28 patients, 12 had diabetic gastroparesis, all with insulin-dependence. The remaining 16 were classified as idiopathic. There were no patients with post-surgical gastroparesis in this series. Of the 28 patients, all had documented delayed gastric emptying, with an average of 66.7% gastric retention at 4 h after an egg sandwich meal (range 20-100%; normal \10%) [9] . The mean body mass index was 22.4, with the range 15.5-32.9.
Effect on global response
The mean follow-up for the 28 patients was 4.9 ± 0.3 (SEM) months. The data from a completed questionnaire during the last follow-up were used for the outcome data. In response to the global clinical response question, 14-28 patients (50%) felt their symptoms had improved, 8 (29%) their symptoms remained the same, and 6 (21%) felt that their symptoms had worsened (Fig. 1) . The clinical characteristics of the patients in each of the three clinical outcomes to GES (improved, the same, worsened) are shown in Table 1 . Of the 12 diabetic patients, 7 (58%) felt their symptoms had improved, 3 (25%) felt their symptoms remained the same, and 2 (17%) felt their symptoms had worsened ( Fig. 1 ). Of the 16 idiopathic patients, 7 (44%) were improved, 5 (31%) remained the same, and 4 (25%) worsened ( Fig. 1 ).
Effect of gastric electric stimulation on symptoms using the Gastroparesis Cardinal Symptom Index (GCSI) Enterra gastric electric stimulation resulted in a significant reduction in GCSI from a baseline score of 3.3 ± 0.2 to 2.7 ± 0.2 (P \ 0.05). Among the diabetic subgroup Results reported as mean ± SD (N = 12), GES resulted in an 18 ± 11% GCSI reduction, from 3.3 ± 0.3 to 2.4 ± 0.2 (P = 0.07). Of the idiopathic patients (N = 16), the GCSI decreased by only 7 ± 9%, from 3.3 ± 0.3 to 3.0 ± 0.3 (P = NS). In addition to the overall GCSI, GCSI subscores were also analyzed (Fig. 2) . GES resulted in a significant decrease (30 ± 7%) in the nausea/vomiting subscore from 3.8 ± 0.2 to 2.6 ± 0.3 (P \ 0.01). The post-prandial fullness subscore also significantly decreased from 3.4 ± 0.2 to 3.0 ± 0.3 (P \ 0.05). There was no change in the bloating subscore: it remained at 2.6 ± 0.3.
In response to the added question to the GCSI about abdominal pain, graded on a similar scale of 0 (none) to 5 (very severe), there was no significant difference between the baseline values and the follow-up values. The initial average abdominal pain grade was 3.2 ± 0.35, which slightly increased to 3.3 ± 0.3 at follow-up (P = 0.7).
Results based on main symptom
Of the 28 patients in the study, 22 described nausea and vomiting as the main symptom. For these patients, Enterra stimulation led to a significant decrease in the GCSI from 3.4 ± 0.2 to 2.7 ± 0.2 (P \ 0.05) (Fig. 3) . Of the six patients that described their primary symptom as abdominal pain, the GCSI was unchanged (3 ± 11% decrease; P = NS). This favorable effect in patients with nausea and vomiting was seen more predominantly in the patients with diabetic gastroparesis rather than in patients with idiopathic gastroparesis (Fig. 3) .
Other factors impacting clinical response
One of the objectives of this study was to determine which patient factors were associated with improved outcomes. Narcotic use was a target of evaluation. Thirteen patients were taking regular daily narcotic analgesic medications at the outset of the study. The 15 patients not using narcotics experienced a significant decrease in the GCSI of 30 ± 8%, from 3.8 ± 0.2 to 2.1 ± 0.4 (P \ 0.01), while those on narcotics had no change in the GCSI (9 ± 10% decrease from 3.1 ± 0.3 to 3.1 ± 0.2) (Fig. 4) .
There was no effect of gender, BMI, baseline gastric emptying test or hemoglobin A1c in diabetics on the clinical response. For gastric emptying, there was no correlation with baseline emptying scan and clinical response. All patients had delayed gastric emptying. The mean gastric emptying scans for the improved, same and worsened groups are 72%, 54% and 71%, respectively (Table 1) . Of the two patients with gastric retention between 10% and 50% at 4 h, both felt the ''same'' after implantation. Of the 13 with gastric retention between 50% and 75% retained, 4 were the same, 3 were worse, and 6 were better. Of the six with gastric retention [75% at 4 h, four improved and two worsened. Fig. 3 Effect of GES based on gastroparesis subtype and main symptom. Of the 28 patients in the study, 22 described nausea and vomiting as the main symptom. For these patients, Enterra stimulation led to a significant decrease in the GCSI from 3.4 ± 0.2 to 2.7 ± 0.2 (P \ 0.05). Of the six patients that described their primary symptom as abdominal pain, the GCSI was unchanged. Results graphed as mean ± SEM. The favorable effect of Enterra GES on clinical symptoms was primarily seen in diabetic patients with main symptom of nausea and vomiting. Results graphed as mean ± SEM Dig Dis Sci (2008) 53:2072-2078 2075
Global Clinical Response
Adverse events
Of the 28 patients implanted, 9 had subsequent hospitalizations, generally for gastroparesis-related symptoms. All nine of these patients had had multiple admissions to the hospital for gastroparesis-related symptoms prior to implantation. Four patients had a jejunostomy tube placed (three idiopathic gastroparetic patients and one diabetic patient). There was one admission for a bowel obstruction due to J-tube placement. Two patients had their stimulators surgically removed [one as part of a sub-total gastrectomy, the other for a lack of symptom response to the gastric stimulator (both idiopathic gastroparetic patient)]. There was one incidence of deep-vein thrombosis due to central line placement. One PICC line infection occurred (diabetic patient), and another patient had a gram-negative rod bacteremia. Two deaths occurred during the study: one from pancreatic cancer (idiopathic patient) and the other from sepsis (diabetic patient). Two syncopal episodes occurred, as well as one psychotic episode and one seizure.
Discussion
In this single-center study using Enterra GES for treatment of patients with refractory gastroparesis in clinical practice, GES resulted in clinical symptomatic improvement in 50% of patients. Three clinical parameters were found to impact on clinical response: etiology of gastroparesis, main symptom and use of narcotics. Diabetic gastroparetics had a more favorable outcome than idiopathic patients. Patients whose main symptoms were nausea and/or vomiting experienced a more favorable response than those with abdominal pain as their main symptom. Lastly, patients not taking narcotic analgesic medications had better outcome than those patients using narcotics at the study outset. Enterra gastric electric stimulation is approved for use in patients with refractory symptoms associated with gastroparesis under a FDA compassionate HDE. Two multicenter trials have been conducted to evaluate the efficacy of this high frequency, low energy gastric electrical stimulator in patients with diabetic and idiopathic gastroparesis [2, 3] . In an open label study, 35 of 38 patients (mostly with idiopathic gastroparesis) experienced [80% reductions in nausea and vomiting that persisted for the duration of the observation period (3-15 months) [2] . Although many individuals were able to discontinue enteral or parenteral nutrition, one quarter of patients needed to undergo additional surgeries including sub-total gastrectomy for symptom control and device removal for complications. The second multicenter investigation represents the only sham-stimulation controlled study to date [3] . In this trial, 33 gastroparesis patients (16 idiopathic, 17 diabetic) were randomized to sham versus active stimulation for 1 month each in double-blind, crossover fashion followed by an open label stimulation period to 12 months. During the blinded phase, vomiting frequencies were 14% lower when the device was on compared to times when the device was turned off-a difference reported to be statistically significant. Furthermore, patients preferred the ON period over the OFF period by a three-fold margin. Interestingly, the benefits of treatment were predominantly experienced by the diabetic group-a finding found in this present study reported herein. During the open phase of the study, electrical stimulation produced a 76% reduction in vomiting at 12 months. Approximately 15% of patients required having the device removed or revised due to complications.
There have been other studies reporting on an individual institution's experience with Enterra GES [4] [5] [6] [10] [11] [12] . In two single center studies, electrical stimulation has been reported to improve nutritional status, limit the need for prokinetic and antiemetic medications, and reduce the need for hospitalizations and supplemental nutrition [4, 10] . While the published results of Enterra GES are encouraging, the clinical benefits of GES have not been unequivocally demonstrated. Favorable responses have been largely reported by two centers. Some smaller studies have found less favorable responses [6] .
The study reported here evaluates the clinical use of Enterra GES for treatment of patients outside of a multicenter clinical trial. Candidates for implantation of the gastric electrical stimulator included patients with chronic diabetic or idiopathic gastroparesis with nausea and vomiting who were not responding to appropriate diet and medication therapy. The clinical response rate to GES in this study (50% patient improvement) is lower than reported in prior multicenter studies, but provides realistic Use of regular narcotic analgesics reduced the response rate. Thirteen patients were taking some form of narcotic agents at the outset of the study. The 15 patients not using narcotics experienced a significant decrease in the GCSI from 3.8 ± 0.2 to 2.1 ± 0.4 (P \ 0.01), while those on narcotics had no change in the GCSI (3.1 ± 0.3 to 3.1 ± 0.2). Results graphed as mean ± SEM estimates for the response to treatment in clinical practice. The study reported here is a short-term analysis with most patients followed for 4-7 months. In the results reported, patients were not all assessed at the same time due to scheduling difficulties; rather the last available appointment was used for the data collection. Results of other studies suggest favorable responses, if they are to occur, will take place within the initial 3-6 months, although this needs further study. In an abstract with long-term patient follow-up, investigators observed 26% and 44% reductions in nausea and vomiting, respectively, persisting for up to 10 years [11] . In this study, several factors impact on the outcome of GES. Knowledge of these factors may allow better patient education on their expected response to treatment and may allow the physician improved patient selection for treatment with GES. Patients with diabetic gastroparesis responded better (58% of the patients improved) than those with idiopathic gastroparesis (44% of the patients improved). The double-blind study reported by Abell et al. [3] also showed that patients with diabetic gastroparesis did better than patients with idiopathic gastroparesis. In a recent report of the experience at Kansas University Medical Center, similar results to this present study were reported with the clinical improvement greater in diabetic gastroparesis than in idiopathic gastroparesis [13] . In this present study, patients with the main symptom of nausea and vomiting did better than those patients with a main symptom of abdominal pain. Abdominal pain in gastroparesis also does not respond well to prokinetic treatment [14] . This study also showed that the use of narcotic analgesics was associated with a decreased response to Enterra GES. Opioid analgesics are known to delay gastric emptying [15] . Although chronic narcotic analgesic use may reduce the symptomatic benefits of gastric electrical stimulation, the need for opiates should be evaluated on an individual basis and does not necessarily represent an exclusion criterion [16] . In addition, use of narcotics may be related to the presence of abdominal pain, another poor prognostic factor.
This study explored factors that might influence the response to GES. The results suggest a pattern of three predictive factors (etiology of gastroparesis, main symptom, use of narcotic pain medications) for a favorable response to GES. However, the number of factors assessed was high considering the sample size of patients, which although small is actually relatively large for a single center study. The small numbers in the various groups preclude a more elaborate analysis that evaluates interactions between the factors and the relative contribution of each variable. Small numbers can explain why there is a significant difference in GCSI when all patients are analyzed, as compared to subgroups. The patients were followed clinically, and routine follow-up tests such as gastric emptying tests and Hgb-A1c were not routinely obtained. For diabetic patients, glucose control was managed by the patient's internist or endocrinologists.
Other factors might also be helpful for prognostic information with GES. The presence of interstitial cells of Cajal on full thickness gastric biopsies obtained at the time of stimulator insertion has been suggested to be predictive of clinical response [17] . Generally, this full thickness biopsy is obtained at the time that the stimulator is placed and results are not available to guide treatment. Preliminary reports suggest that the response to temporary gastric stimulation might predict the response to longerterm stimulation [18] . Enterra GES might be helpful in patients with nausea and vomiting from other conditions. Several manuscripts have suggested this might be helpful in patients with postoperative gastroparesis [19, 20] .
Although beneficial in half of the patients, some patients experienced adverse events or complications. Several patients not responding to treatment had subsequent jejunostomy feeding tubes placed. Several catheter-related infections were related to the continued need for total parenteral nutrition. The most common reported complication of this form of therapy is infection of the subcutaneous stimulator pocket, which occurred in 5-10% of patients and nearly always requires surgical removal of the device [2, 3] . Other complications include wire breakage, electrode dislodgement or penetration of the stomach, and intestinal obstruction.
In conclusion, this single-center study using Enterra GES for clinical care of patients with refractory gastroparesis reports a symptomatic improvement in half of the patients. Three clinical parameters were found to impact on clinical response: etiology of gastroparesis, main symptom and use of narcotics. Diabetic gastroparetics had a more favorable outcome than idiopathic patients. Patients with their main symptom as nausea and vomiting also experienced a more favorable response than those with the main symptom of abdominal pain. Lastly, patients not taking narcotics also had better outcomes than those patients using narcotics at the study outset. Knowledge of these three factors may allow better education of patients about the efficacy of GES and may also provide improved selection of patients for GES therapy.
